The association of preexisting neurocognitive impairments with perioperative neurocognitive disorders is not well-established. The objective of this study was to record incidences of perioperative neurocognitive disorders, to record changes in perioperative neurocognition, and to analyze factors of perioperative neurocognitive changes after hip joint replacement surgeries.
Background
Hip joint replacement surgery improves patient quality of life but is associated with perioperative neurocognitive disorders [1] . Stress, pain, inflammation, anesthesia, and medications make operative patients transiently ill and this is unfavorable for the brain [2] . Perioperative neurocognitive disorders affect hospital stays [3] , mortalities [4] , recovery [3] , quality of life [5] , and memory [6] of operative patients. Also, longer hospital stays lead to delirium [7] and increase the cost of treatment [2] . Preexisting neurocognitive impairments are also reported in operative patients [6] . Perioperative neurocognitive disorders are well-documented in operative patients 3 months after surgery [6] . Data on preexisting neurocognitive impairments are required to predict future risk of perioperative neurocognitive disorders at the time of surgeries [1] because the association of preoperative cognitive functions with perioperative neurocognitive disorders is not well-established [6] . MiniMental state examinations are recommended to identify the association of preexisting neurocognitive impairments with perioperative neurocognitive disorders [4] .
This study was performed with 3 objectives in Chinese patients who undergoing hip joint replacement surgeries: to record incidences of perioperative neurocognitive disorders, to record changes in perioperative neurocognition, and to analyze factors of perioperative neurocognitive changes.
Material and Methods

Drugs
Midazolam (Seizalam) was purchased from Meridian Medical Technologies, Inc., USA. Fentanyl (Duragesic ® ) was purchased from Johnson & Johnson, USA. Paracetamol (Perfalgan) was purchased from Bristol-Myers Squibb, New York, USA. Low molecular weight heparin was purchased from Roche Pharmaceuticals, Basel, Switzerland. Noradrenaline (Norad) was purchased from Neon Laboratories Limited, China.
Ethical considerations and consent to participate
The study was registered in the Research Registry (www.researchregistry.com), UID No.: researchregistry4578 dated 14 November 2013. The protocol (81870857/CL/11/14 dated 11 November 2013) was approved by the Xuzhou Central Hospital review board. The study adhered to the law of China, the 2008 Declaration of Helsinki (Chinese version), and the strengthening the reporting of observational studies in epidemiology (STROBE) statement. Informed consent was signed by all participating patients before surgeries regarding anesthesia, surgeries, and publication of the study in all formats (hard or electronics) irrespective of time and languages.
Inclusion criteria
All patients age 18 years and above, admitted for the purposes of hip joint replacement surgery, were included in the test group. All patients age 18 years and above who had osteoarthritis but who were not planned for any type of surgery were included in the control group. We only included patients with 4 years of follow-up data available in the records of the institute.
Exclusion criteria
Patients who had not provided informed consent and those less than 18 years of age were excluded from the study. Patients who had Mini-Mental state examination scores less than 26 or clinical dementia scale more than 1, and ASA (American Society Anesthesiologists) physical status score IV or higher, were excluded from the test group. Patients who had been planned for surgeries were excluded from the control group. Drug abuse, chronic pain, psychiatric disorders, and psychological abnormality impair cognition function and also have confounding effects on outcomes. Therefore, such patients were excluded for the study.
Hip joint replacement surgery
All test group patients were subjected to intravenous propofol before surgeries, as well as intraoperative midazolam and fentanyl, and postoperative paracetamol infusion. The bispectral index was maintained below 60. A laryngeal mask (BD Medical Devices, Shanghai, China) was used for airway maintenance. Hypotension was controlled by noradrenaline [6] . A standard femoral neck osteotomy surgery (cemented or non-cement) was performed by orthopedic surgeons. Deep vein thrombosis prophylaxis was used.
Cohorts
Patients scheduled for hip joint replacement surgery were included in the test group (n=499) and patients with osteoarthritis but who were not scheduled for any type of surgery were included in the control group (n=499).
Mini-mental state examinations
The mental status questionnaires were performed by psychiatrists (each with at least 3 years of experience). The maximum score was 30 points [8] .
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Auditory-verbal learning test
The rate of learning, short-term auditory-verbal memory, retroactive interference, learning strategies, proactive interference, retention of information, and confabulation of information were evaluated by psychiatrists (each with at least 3 years of experience) [9] . The RAVLT (Rey Auditory-Verbal Learning Test) Adult Calculator was used to calculate the Auditory-Verbal Learning Test score [10] , with 23 was considered as the norm value.
Trail making test
In part A, patients had to draw a line sequentially connecting 1 to 25 numbers (Supplementary Table 1 ), with 150 s and less was considered as the norm value. In part B, patients had to a draw line between 12 Chinese zodiacs (rat, ox, tiger, rabbit, dragon, snake, horse, goat, monkey, rooster, dog, pig) and 12 pictures (Supplementary Table 2 ). The time required to complete the task was the score for that part [11] , with 150 s and less considered as the norm value. Both tests were performed by a trained instructor (with at least 3 years of experience) working at the institute.
Stroop color and word test
This test has 2 subtasks: congruous and incongruous. In the incongruous subtask, the color words were written in random order (pink, black, orange, and green) but printed in the same color ink (e.g., the word orange was printed in orange ink, Supplementary Figure 1 ). In the incongruous subtask, color words were printed in different ink color (e.g., the word pink printed in green ink, Supplementary Figure 2 ). Patients were required to name the color of the ink in both tasks. The time required to complete the task was the score for that part of the test [11] . The test was performed by a trained instructor (with at least 3 years of experience) working at the institute. The norm values for both tasks individually were 200 s and less for subjects age £70 years, 220 s and less for those age 70-80 years, and 330 s and less for those ³80 years.
Digit symbol substitution test
This test is used to estimate the magnitude of cognitive dysfunction in patients with depressive disorder [12] and is performed to assess spatial decision-making, psychomotor speed, and motor skills. In the test, a digit (e.g., yuan) was substituted with a symbol (e.g., ¥). A total of 133 digits were presented in the test, and participants were allowed 2 min to complete it. Each correct answer had a 1-point score, with a score range of 0-133 [13] . The test was performed by a trained instructor (with at least 3 years of experience) working at the institute. A score of 80 or more was considered as the norm value.
Verbal fluency test
Patients were asked to list the names of as many animals as possible within 1 min [14] . The test was performed by a trained instructor (with at least 3 years of experience). A score of 15 or more was considered as the norm value.
All measures for neurocognitive disorders were evaluated 1 week before surgeries (baseline) in the test group and in the control group (at the time of the enrollment). In the control group, all outcome measures were evaluated at 1 week, 3 months, 1 year, and 4 years after baseline during the follow-up period. In the test group, all outcome measures were evaluated at 1 week, 3 months, 1 year, and 4 years after baseline. Preexisting neurocognitive impairments were defined as a significantly worst condition in at least 2 out of all parameters. Neurocognitive disorders for the individual parameter were defined as more than 2 SD of mean below norms for that parameter [15] . The norms of individual parameters were defined by the institute (not published). Perioperative neurocognitive disorders were defined as a significantly worst condition in at least 2 out of all parameters as compared to baseline [6] .
Statistical analysis
InStat (version window) GraphPad (San Diego, CA) was used for statistical analysis. The chi-square Independence test [6] was used for categorical variables and the 2-tailed paired t test was used for continuous variables [16] . One-way analysis of variance (ANOVA) followed by Tukey multiple comparison tests (considering critical value [q] >3.858 as significant) [17] was used for postoperative outcomes at different time intervals. Univariable and multivariable analysis was performed to develop associations between the postoperative outcome measures and demographical characteristics of baseline [6] . The individual effect was evaluated by Cohen's d defined as per norms [15] . The results were considered significant at 95% confidence level.
Results
The medical history at the time of enrollment From 15 November 2013 to 1 November 2014 at the Xuzhou Central Hospital, China and the referring hospitals of China, 526 patients were admitted for hip joint replacement surgery and 527 patients were available at an outpatient setting with complaints of osteoarthritis. Among the patients who underwent hip joint replacement surgery, 15 patients had Mini-Mental state examination scores less than 26, and 12 patients had ASA physical status scores IV or more. Therefore, they were excluded from the study. Among the patients with complaints of osteoarthritis, 28 patients were planned for the surgery; therefore, they were also excluded from the study. A total of 499 patients were included in the test group and 499 patients were included in the control group. The flow diagram of the study is represented in Figure 1 .
The test group was 35% male and 65% female. The control group was 29% male and 71% females. About 90% of enrolled patients were non-smokers and 25% of patients were from rural areas, while 75% of patients from an urban area of PR China. Preexisting neurocognitive impairments were higher in the test group than in the control group (p=0.0007) at the time of the enrollment (Figure 2) . The other details of medical history of the enrolled patients are reported in Table 1 .
Incidences of neurocognitive disorders
In the control group, 25 patients were reported to have preexisting neurocognitive impairments at baseline. At Table 3 . Univariable and multivariable analysis for demographical characteristics and postoperative outcomes in the test group.
A p<0.05 was considered significant. * Significant parameter associated with worst cognitive dysfunction. @ Defined as a significant worst condition in at least 2 parameters out of all parameters; @@ defined as a significant worst condition in at least 2 parameters out of all parameters as compared to baseline. Control group was used as the reference standard.
&& Random blood glucose > 140 mg/dL; ## Blood pressure >90/130 mmHg.
Changes in perioperative neurocognitive disorders
Perioperative neurocognitive disorders in the test group at 1-week follow-up and even after 3-month follow-up after surgeries were no different from those at baseline. However, as per the definition of neurocognitive disorders, at 4-year follow-up and even after 1-year follow-up, there was no incidence of perioperative neurocognitive disorders ( Table 2) .
Analysis of factors for perioperative neurocognitive disorders
At 1 week after surgeries, older adults (p<0.0001), females (p=0.002), obese patients (p=0.003), and patients with preexisting neurocognitive impairments (p<0.0001) had higher incidence of perioperative neurocognitive disorders. At the end of the 3-month follow-up period, older adults (p=0.002) and patients with preexisting neurocognitive impairments (p=0.005) had a higher incidence of perioperative neurocognitive disorders. However, at 1 year after surgeries, age, gender, body mass index, and preexisting neurocognitive impairments of the patients were not found to be associated with worse perioperative neurocognitive disorders (Table 3) .
Discussion
Patients with preexisting neurocognitive impairments had perioperative neurocognitive disorders at 1 week after surgery (p<0.0001) and at 3 months after surgery (p=0.005), but there was no incidence of perioperative neurocognitive disorders at 1-year postoperative follow-up (p=0.31) and at 4 years (p=0.64) after surgeries. The results of the study were in line with previous available studies [1, 6, 15, [18] [19] [20] . Surgery may not affect areas of neurocognition [18] . Also, patients with normal neurocognitive function have less risk of perioperative neurocognitive disorders [21] . Our results show that preexisting impairments is an independent risk factor for long-term perioperative neurocognitive disorders.
Only older adults had perioperative neurocognitive disorders at 1 week (p<0.0001) and at 3 months (p=0.002) after surgeries, but there was no association of perioperative neurocognitive disorders with age at 1-year (p=0.12) and 4-years (p=0.54) postoperative follow-ups. These results are in line with available studies [4, 6, 19, 22, 23] . Preexisting neurocognitive impairment is also evidence of aging [4] . Hip fractures cause lower functional recovery in older adults [19] . Surgical technique, anesthetic procedures, and medical history can affect the postoperative outcomes [22] . Patients' attitudes about potentially losing their intellectual function and having reduced physical activity may contribute to perioperative neurocognitive disorders [4] . Our results show that age is an independent factor predicting perioperative neurocognitive disorders in younger patients.
To investigate perioperative neurocognitive disorders, we matched gender, age, body mass index, education, and the other demographical parameters with the nonsurgical control group. To determine perioperative neurocognitive disorders, it is mandatory to add a non-operative control group [6, 24] . A nonsurgical group with positive osteoarthritis is more appropriately matched to the study population than is a healthy population.
This study is the first to perform 4-year follow-up after hip joint replacement surgeries to evaluate perioperative neurocognitive disorders. Longer-term postoperative outcomes need to be evaluated in noncardiac surgical patients to track neurocognitive decline [6] . The available studies evaluated postoperative outcomes for 1 year [1, 3, 4, 6, 25] , for 3 months [22] , and for 1 week [26] . The results of the present study are more reliable due to its longer follow-up period.
Factors such as anesthesia [7, 22] , type of surgeries [22] , intraoperative analgesic [26] , microemboli count [25] , and duration of preoperative fluid fasting [26] also have effects on perioperative neurocognitive disorders, but were not assessed in the present study. Randomization has precise results for translating research data into clinical practice because it allows balancing known and unknown confounders to make control and treatment groups as balanced as possible [27] , but randomization was not possible because the intervention was given in 1 group only. The participants in this study were recruited from PR China only. Therefore, the results might not be representative of the other regions of the world and it remains uncertain whether the findings in the analysis could be generalized to populations speaking languages other than Chinese. Cognitive tests were not repeated. The possible justification for performing a test once only is that the test-retest intervals can influence performance of participants. Finally, many older Chinese adults have little education. Therefore, these limitations may have affected the results of our study.
Conclusions
Older adults and patients with preexisting neurocognitive impairments had an increased incidence of perioperative neurocognitive disorders at 1 week and 3 months after hip joint replacement surgery. Age and preexisting neurocognitive impairments are markers for predicting the risk of perioperative neurocognitive disorders for hip joint replacement surgery. However, preexisting neurocognitive impairments and age may have no association with long-term perioperative neurocognitive disorders.
